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SYSTEMS AND METHODS FOR ENHANCNG 
DIMENSIONING, FOR EXAMPLE VOLUME 

DIMIENSIONING 

BACKGROUND 

0001 1. Field 
0002 This disclosure generally relates to non-contact 
dimensioning systems and methods for determining dimen 
sions and/or Volume of objects. 
0003 2. Description of the Related Art 
0004 Dimensioning systems are useful for providing 
dimensional and Volumetric data related to three-dimensional 
objects disposed within a field-of-view of the dimensioning 
system. Such dimensional and Volumetric information is use 
ful for example, in providing consumers with accurate ship 
ping rates based on the actual size and Volume of the object 
being shipped. Additionally, the dimensioning systems abil 
ity to transmit parcel data immediately to a carrier can assist 
the carrier in selecting and scheduling appropriately sized 
vehicles based on measured cargo volume and dimensions. 
Finally, the ready availability of dimensional and volumetric 
information for all the objects within a carrier's network 
assists the carrier in ensuring optimal use of available space in 
the many different vehicles, containers and/or warehouses 
used in local, interstate, and international commerce. 
0005. A wide variety of computing devices are used within 
the shipping industry. For example, personal computers used 
as multi-tasking terminals in Small storefront packing and 
shipping establishments. Also, for example, dedicated self 
service shipping kiosks found in many post offices. As a 
further example, dedicated handheld Scanners are frequently 
used as mobile terminals by many international shipping 
corporations. The wide variety of form factors found in the 
shipping industry are quite diverse, yet all rely upon provid 
ing accurate information, Such as parcel dimensions and Vol 
ume, to both the user in order to provide accurate shipping 
rates and to the carrier in order to accurately forecast shipping 
Volumes. 
0006. A number of volume dimensioning systems rely 
upon the use of structured light. By projecting a structured 
light pattern into a three-dimensional space containing at 
least one object, the shift in position (i.e., parallax) of the 
structured light within the three-dimensional space may be 
used to determine one or more dimensions of the object. The 
comparison between the structured light pattern present in the 
acquired image containing the object and a reference image to 
determine the parallax shift and consequently the Volume 
dimensions of the object is performed graphically, often by 
comparing portions of the acquired image to portions of the 
entire reference image to determine a pattern “match.” Such 
image intensive processing requires significant computing 
resources and speed to provide response times expected for 
use in commerce and industry. 
0007 Structured light patterns can take many forms, 
including an outwardly apparent random pattern of elements 
(e.g., visible or invisible electromagnetic radiation in the 
form of “dots” or “spots”) which is, to the contrary, highly 
structured. The arrangement of elements within the pattern is 
Such that any group including a defined number of elements 
(e.g., three or more) is unique among all other groups con 
taining an identical number of elements within in the pattern. 
Thus in Some element patterns, any group of seven elements 
is unique among all groups of seven elements appearing in the 
pattern. 
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0008 Projecting such a pattern of elements into a three 
dimensional space that includes an object for Volume dimen 
Sioning permits the determination of the Volume dimension of 
the object based on the parallax shift that occurs in at least a 
portion of the elements in the pattern when the acquired 
image data is compared to reference data of the three-dimen 
sional space without the object. Determination of parallax 
shift between the acquired image of the three-dimensional 
space with an object and containing the pattern of elements 
and a reference image containing the pattern of elements is a 
two step process in which corresponding elements in the 
acquired image and the reference image are identified. After 
corresponding elements in the reference image and the 
acquired image are identified, the parallax shift between the 
elements can be calculated, and dimensional information of 
the object obtained. 
0009. The identification of corresponding elements in the 
reference image and the acquired image may be performed 
graphically using a processor-based device to sequentially 
compare a portion of the acquired image with portions of the 
reference image until a “match' between the patterns is 
detected by the processor. Such graphical comparisons are 
generally computationally intensive, requiring the use of 
either high speed processors or multiple processors to reduce 
the time required to match the pattern in the acquired image 
with the pattern in the reference image to a level acceptable 
for use in industry and commerce. 

BRIEF SUMMARY 

0010. It has been advantageously found that if element 
location data is extracted from the acquired image and com 
piled as numerical data into a coordinate data list. Such a list 
of numerical element location data may be more expedi 
tiously compared to numerical reference element location 
data in a similar reference data list. Such comparisons of 
numerical lists are well within the capabilities of lower speed 
processors such as those found in many portable electronic 
devices. Thus, the use of a coordinate data list including 
numerical data indicative of element locations in an element 
pattern obtained from an acquired image of a three-dimen 
sional space containing an object and a reference data list 
including numerical data indicative of reference element 
locations in a reference element pattern can speed the Volume 
dimensioning process and advantageously permit the use of 
portable electronic devices to provide highly accurate Volume 
dimensioning data. 
0011 Additional enhancements in speed and efficiency of 
pattern matching are obtained by Sorting the coordinate data 
list and/or the reference data list. Another enhancement to the 
speed and efficiency of pattern matching is obtained by com 
paring a limited number of groups of pattern elements, each 
group including a Sufficient number of elements to form a 
unique set of elements within the acquired image to the ref 
erence data list. Such a comparison between coordinate data 
associated with element locations in a group including a 
limited number of elements and the coordinate data of refer 
ence elements in the reference data list can be performed 
using patterned searches. For example, a search focusing only 
on coordinate locations of reference elements within the ref 
erence data list that are proximate a reference element match 
ing an element included in a group of elements may benefi 
cially take advantage of the fact that elements included in the 
group of elements are often found to match reference ele 
ments in close proximity within the reference data list. 
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0012 Another enhancement in speed and efficiency of 
pattern matching is obtained by converting the coordinate 
locations of acquired elements included in a particular group 
into a locally referenced locations in which the locations of all 
of the elements included in the particular group are locally 
referenced to a single element included in the respective 
group. For example, an angle and a distance may be used to 
reference the location of each of the elements included in a 
group to a single element in the respective group. The coor 
dinate data of the reference elements included in the reference 
data list may be converted to a similar locally-referenced 
coordinate system. The unique angle and distance data for 
each group can then be compared with reference angle and 
distance data for the reference elements included in the ref 
erence data list. In Such an instance, determining the corre 
spondence between the reference element in the group (i.e., 
the “origin.” for the locally referenced coordinate system) and 
a reference element in the reference data list effective matches 
every element in the group with a corresponding reference 
element in the reference data list. 

0013 An enhancement in dimensional accuracy may be 
obtained by more precisely determining the center of inten 
sity of each element appearing in the pattern in the acquired 
image data prior to determining the coordinates of the respec 
tive element. Such a center of intensity may be determined by 
analyzing the grayscale intensity distribution of each element 
in the acquired image data to identify a “center of intensity' of 
the element and associating the coordinate location of the 
element with the identified center of intensity of the respec 
tive element. 
0014) A portable structured light dimensioning system to 
determine a Volume dimension of an object may be summa 
rized as including an image acquisition device to acquire 
image data representative of at least an element pattern pro 
jected into a three dimensional space that includes at least one 
object; at least one processor communicably coupled to the 
image acquisition device; and at least one nontransitory Stor 
age medium communicably coupled to the at least one pro 
cessor and having stored therein at least one set of machine 
executable instructions that when executed by the at least one 
processor cause the at least one processor to: determine coor 
dinate data associated with each element location in at least a 
portion of the element pattern present in the acquired image 
data; generate a number of coordinate data lists, each includ 
ing coordinate data associated with at least three element 
locations in the acquired image data; for each coordinate data 
list: compare the coordinate data associated with each of the 
at least three element locations in the acquired image data 
with a reference data list including reference coordinate data 
associated with reference element locations in a reference 
element pattern; and select for each of the at least three 
element locations, a corresponding reference element loca 
tion in the reference element pattern; and determine a spatial 
shift between the coordinate data associated with each of the 
at least three element locations in the acquired image data and 
the coordinate data associated with the respective corre 
sponding reference element location in the reference element 
pattern. 
0.015 The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: for each coordinate data list, com 
pare the coordinate data associated with each of the at least 
three element locations in the acquired image data with a 
reference data list by performing for the coordinate data asso 
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ciated with each of theat least three element locations, at least 
one of a top-to-bottom search, or, a bottom-to-top search of 
the reference data list to compare the coordinate data associ 
ated with the respective element location with coordinate data 
associated with each reference element location in the refer 
ence data list. 
0016. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
processor to: for each coordinate data list, sort the coordinate 
data using a defined sort pattern to provide a respective 
ordered coordinate data list. 
0017. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: for each ordered coordinate data list 
perform at least one of a top-to-bottom search or a bottom 
to-top search of the reference data list to compare the coor 
dinate data associated with a first element location in the 
ordered coordinate data list with coordinate data associated 
with each reference element location in the reference data list; 
and for coordinate data in the ordered coordinate data list 
associated with each remaining element location, perform at 
least one of an upward search, a downward search, or an 
alternating upward/downward search about coordinate data 
associated with a reference element in the reference data list 
corresponding to coordinate data associated with an immedi 
ately preceding element location. 
0018. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: for each ordered coordinate data list 
perform at least one of a top-to-bottom search or a bottom 
to-top search of an ordered reference data list to compare the 
coordinate data associated with a first element location in the 
ordered coordinate data list with coordinate data associated 
with each reference element location in the ordered reference 
data list; and for coordinate data in the ordered coordinate 
data list associated with each remaining element location, 
perform at least one of an upward search, a downward search, 
or an alternating upward/downward search about coordinate 
data associated with a reference element in the ordered ref 
erence data list corresponding to coordinate data associated 
with an immediately preceding remaining element location. 
0019. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
processor to: generate an ordered coordinate data list about 
each of a number of points of interest in the acquired image 
data to provide the number of ordered coordinate data lists, 
each ordered coordinate data list including coordinate data 
associated with each of at least three element locations about 
each respective point of interest. 
0020. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: accept a number of user inputs, each 
of the user inputs corresponding to one of the number of 
points of interest in the acquired image data. 
0021. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to:autonomously determine each of the 
number of points of interest in the acquired image data. 
0022. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
processor to: for each ordered coordinate data list, convert the 
coordinate data associated with the at least three element 
locations in the acquired image data to a second, locally 
referenced coordinate system that relates the coordinate data 
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associated a first of the at least three elements included the 
respective ordered coordinate data list to the coordinate data 
associated with each of the other of the at least three elements 
included in the respective ordered coordinate data list to pro 
vide a respective ordered, locally referenced, coordinate data 
list. 

0023 The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: for each ordered, locally referenced, 
coordinate data list perform at least one of a top-to-bottom 
search or a bottom-to-top search of a locally-referenced, ref 
erence data list in which the coordinate data associated with 
each reference element is related to coordinate data associ 
ated with a number of neighboring reference elements in the 
reference pattern, to compare the locally-referenced coordi 
nate data associated with the first of the at least three elements 
in the ordered, locally-referenced, coordinate data list with 
coordinate data associated with each reference element loca 
tion in the locally-referenced, reference data list. 
0024. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
processor to: determine a center of intensity of element loca 
tions in at least a portion of the element pattern present in the 
acquired image data; and determine coordinate data corre 
sponding to the determined center of intensity of the element 
locations in at least a portion of the element pattern present in 
the acquired image data. 
0025. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
processor to: determine a center of intensity of element loca 
tions in at least a portion of the element pattern present in the 
acquired image data using grayscale values associated with 
each of the respective element locations. 
0026. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: determine a respective distance 
between the image acquisition device and each of the ele 
ments in at least a portion of the pattern of elements incident 
upon the at least one object positioned in the three-dimen 
sional space. 
0027. The machine executable instructions, when 
executed by the at least one processor, may further cause the 
at least one processor to: determine a respective Volume 
dimension associated with the at least one object using the 
determined respective distances between the image acquisi 
tion device and each of the elements in at least a portion of the 
pattern of elements incident upon the at least one object 
positioned in the three-dimensional space. 
0028. A structured light dimensioning method to deter 
mine a Volume dimension of an object may be summarized as 
including determining by at least one processor coordinate 
data corresponding to element locations in at least a portion of 
the element pattern present in acquired image data provided 
by at least one communicably coupled image capture device; 
generating by the at least one processor a number of coordi 
nate data lists, each coordinate data list including coordinate 
data associated with at least three element locations in the 
acquired image data; storing each of the number of coordinate 
data lists in at least one nontransitory storage media commu 
nicably coupled to the at least one processor, for each coor 
dinate data list: comparing by the at least one processor the 
coordinate data associated each of the at least three element 
locations in the acquired image data with a reference data list 
stored in at least one nontransitory storage media communi 
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cably coupled to the at least one processor, the reference data 
list including reference coordinate data associated with ref 
erence element locations in a reference element pattern; 
selecting by the at least one processor, for each of the at least 
three element locations, a corresponding reference element 
location in the reference element pattern; and determining by 
the at least one processor a spatial shift between the coordi 
nate data associated with each of the at least three element 
locations in the acquired image data and the coordinate data 
associated with the respective corresponding reference ele 
ment location in the reference element pattern. 
0029 Comparing by the at least one processor the coordi 
nate data associated each of the at least three element loca 
tions in the acquired image data with a reference data list may 
include comparing by the at least one processor the coordi 
nate data associated each of the at least three element loca 
tions in the acquired image data with a reference data list by 
performing for the coordinate data associated with each of the 
at least three element locations, at least one of a top-to-bottom 
search or a bottom-to-top search of the reference data list to 
compare the coordinate data associated with the respective 
element location with coordinate data associated with each 
reference element location in the reference data list. 

0030 The method may further include for each coordinate 
data list, Sorting by the at least one processor the coordinate 
data using a defined sort pattern to provide a respective 
ordered coordinate data list. 

0031. The method may further include for each ordered 
coordinate data list, performing by the at least one processor 
at least one of a top-to-bottom search or a bottom-to-top 
search of the reference data list to compare the coordinate 
data associated with a first element location in the ordered 
coordinate data list with coordinate data associated with each 
reference element location in the reference data list; and for 
coordinate data in the ordered coordinate data list associated 
with each remaining element location, performing by the at 
least one processor at least one of an upward search, a down 
ward search, or an alternating upward/downward search 
about coordinate data associated with a reference element in 
the reference data list corresponding to coordinate data asso 
ciated with an immediately preceding element location. 
0032. The method may further include for each ordered 
coordinate data list, performing by the at least one processor 
at least one of a top-to-bottom search or a bottom-to-top 
search of an ordered reference data list to compare the coor 
dinate data associated with a first element location in the 
ordered coordinate data list with coordinate data associated 
with each reference element location in the ordered reference 
data list; and for coordinate data in the ordered coordinate 
data list associated with each remaining element location, 
performing by the at least one processor at least one of an 
upward search, a downward search, oran alternating upward/ 
downward search about coordinate data associated with a 
reference element in the ordered reference data list corre 
sponding to coordinate data associated with an immediately 
preceding remaining element location. 
0033 Generating by the at least one processor a number of 
coordinate data lists may include generating by the at least 
one processor, an ordered coordinate data list proximate each 
of a number of points of interest in the acquired image data to 
provide the number of ordered coordinate data lists, each 
ordered coordinate data list including coordinate data associ 
ated with each of at least three element locations about each 
respective point of interest. 
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0034. The method may further include accepting by the at 
least one processor, a number of user inputs provided via at 
least one user interface communicably coupled to the at least 
one processor, each of the user inputs corresponding to one of 
the number of points of interest in the acquired image data. 
0035. The method may further include autonomously 
determining by the at least one processor, each of the number 
of points of interest in the acquired image data. 
0036. The method may further include for each ordered 
coordinate data list, converting by the at least one processor, 
the coordinate data associated with the at least three element 
locations in the acquired image data to a second, locally 
referenced coordinate system that relates the coordinate data 
associated a first of the at least three elements included the 
respective ordered coordinate data list to the coordinate data 
associated with each of the other of the at least three elements 
included in the respective ordered coordinate data list to pro 
vide a respective ordered, locally referenced, coordinate data 
list. 
0037 Comparing by the at least one processor the coordi 
nate data associated each of the at least three element loca 
tions in the acquired image data with the reference data list 
stored in at least one nontransitory storage media communi 
cably coupled to the at least one processor may include for 
each ordered, locally referenced, coordinate data list per 
forming by the at least one processor at least one of a top-to 
bottom search or a bottom-to-top search of a locally-refer 
enced, reference data list in which the coordinate data 
associated with each reference element is related to coordi 
nate data associated with a number of neighboring reference 
elements in the reference pattern, to compare the locally 
referenced coordinate data associated with the first of the at 
least three elements in the ordered, locally-referenced, coor 
dinate data list with coordinate data associated with each 
reference element location in the locally-referenced, refer 
ence data list. 
0038. The method may further include determining by the 
at least one processor a center of intensity of element loca 
tions in at least a portion of the element pattern present in the 
acquired image data. 
0039 Generating by the at least one processor a number of 
coordinate data lists, each coordinate data list including coor 
dinate data associated with at least three element locations in 
the acquired image data may include generating by the at least 
one processor a number of coordinate data lists, each coordi 
nate data list including coordinate data corresponding to the 
determined center of intensity of the at least three element 
locations in the acquired image data. 
0040 Determining by the at least one processor a center of 
intensity of element locations in at least a portion of the 
element pattern present in the acquired image data may 
include determining by the at least one processor the center of 
intensity of element locations in at least a portion of the 
element pattern present in the acquired image data using a 
number of grayscale values associated with each of the 
respective element locations. 
0041. The method may further include determining by the 
at least one processor a respective distance between the image 
acquisition device and each of the elements in at least a 
portion of the pattern of elements incident upon the at least 
one object positioned in the three-dimensional space. 
0042. The method may further include determining by the 
at least one processor a respective Volume dimension associ 
ated with the at least one object using the determined respec 
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tive distances between the image acquisition device and each 
of the elements in at least a portion of the pattern of elements 
incident upon the at least one object positioned in the three 
dimensional space. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0043. In the drawings, identical reference numbers iden 
tify similar elements or acts. The sizes and relative positions 
of elements in the drawings are not necessarily drawn to scale. 
For example, the shapes of various elements and angles are 
not drawn to scale, and some of these elements are arbitrarily 
enlarged and positioned to improve drawing legibility. Fur 
ther, the particular shapes of the elements as drawn, are not 
intended to convey any information regarding the actual 
shape of the particular elements, and have been solely 
selected for ease of recognition in the drawings. 
0044 FIG. 1A is a perspective view of an example dimen 
Sioning system using a structured light pattern including a 
number of elements projected into a three-dimensional space, 
according to one illustrative embodiment. 
0045 FIG. 1B is a schematic diagram of an example ele 
ment pattern projected into the three-dimensional space 
which includes an object and an associated Cartesian coordi 
nate data list including coordinate data associated with the 
location each element in the pattern of elements, according to 
one illustrated embodiment. 
0046 FIG. 1C is a schematic diagram of an example ref 
erence element pattern projected into a three-dimensional 
space and an associated reference data list including Carte 
sian coordinate data associated with the location of each 
reference element, according to one illustrated embodiment. 
0047 FIG. 2A is a schematic diagram of a portion of an 
example pattern of elements including two element groups, 
each containing a number of elements having a unique spatial 
relationship among the pattern of elements, and an ordered 
coordinate data list associated with each of the two client 
groups, according to one illustrated embodiment. 
0048 FIG. 2B is a front elevational view of a portion of an 
example pattern of elements projected onto an object in a 
three-dimensional space and including two groups of ele 
ments, each containing a number of elements having a unique 
spatial arrangement among the pattern of elements about two 
identified points of interest, according to one illustrated 
embodiment. 
0049 FIG. 2C is a perspective view of a portion of the 
example pattern of elements in FIG. 2B projected onto the 
object in the three-dimensional space and including two 
groups of elements, each containing a number of elements 
having a unique spatial arrangement among the pattern of 
elements about the two identified points of interest, according 
to one illustrated embodiment. 
0050 FIG. 3A is an enlarged view of a portion of an 
example pattern of elements projected into a three-dimen 
sional space including Cartesian coordinate data associated 
with element locations in a group including a number of 
elements, according to one illustrated embodiment. 
0051 FIG. 3B is an image of a portion of the example 
pattern of elements shown in FIG. 3A projected into a three 
dimensional space including locally-referenced coordinate 
data, according to one illustrated embodiment. 
0.052 FIG. 4 is a schematic diagram of an illustrative 
element in an element pattern in which the element is formed 
using a number of pixels in the image acquisition device, each 
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of the pixels having an associated grayscale value used to 
calculate the center of intensity of the element, according to 
one illustrated embodiment. 
0053 FIG. 5 is a high-level flow diagram of an example 
method of determining locations of each element in a pattern 
of elements included in an acquired image with locations of 
corresponding reference elements in the pattern of elements 
included in a reference image by numerically comparing a list 
of acquired element coordinate data with a list of reference 
element coordinate data, according to one illustrated embodi 
ment. 

0054 FIG. 6 is a high-level flow diagram of an example 
method of determining locations of a number of groups of 
elements, each group including a number of elements in a 
pattern of elements included in an acquired image with loca 
tions of corresponding reference elements in the pattern of 
elements included in a reference image by numerically com 
paring a list of acquired element coordinate data associated 
with the elements included in each group with a list of refer 
ence element coordinate data, according to one illustrated 
embodiment. 
0055 FIG. 7 is a high-level flow diagram of an example 
method of determining locations of a number of groups of 
elements, each group including a number of elements in a 
pattern of elements included in an acquired image with loca 
tions of corresponding reference elements in the pattern of 
elements included in a reference image by numerically com 
paring a list of locally-referenced acquired element coordi 
nate data associated with the elements included in each group 
with a list of locally-referenced reference element coordinate 
data, according to one illustrated embodiment. 
0056 FIG. 8 is a high-level flow diagram of an example 
method of determining locations of each element in a pattern 
of elements included in an acquired image with locations of 
corresponding reference elements in the pattern of elements 
included in a reference image by numerically comparing a list 
of acquired element center of intensity coordinate data with a 
list of reference element coordinate data, according to one 
illustrated embodiment, according to one illustrated embodi 
ment. 

DETAILED DESCRIPTION 

0057. In the following description, certain specific details 
are set forth in order to provide a thorough understanding of 
various disclosed embodiments. However, one skilled in the 
relevant art will recognize that embodiments may be prac 
ticed without one or more of these specific details, or with 
other methods, components, materials, etc. In other instances, 
well-known structures associated with sources of electro 
magnetic energy, operative details concerning image sensors, 
cameras, structured light, and detailed architecture and opera 
tion of the imaging system have not been shown or described 
in detail to avoid unnecessarily obscuring descriptions of the 
embodiments. 
0058. Unless the context requires otherwise, throughout 
the specification and claims which follow, the word “com 
prise' and variations thereof. Such as, “comprises' and "com 
prising are to be construed in an open, inclusive sense, that 
is, as “including, but not limited to.” 
0059 Reference throughout this specification to “one 
embodiment' or “an embodiment’ means that a particular 
feature, structure or characteristic described in connection 
with the embodiment is included in at least one embodiment. 
Thus, the appearances of the phrases “in one embodiment” or 
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“in an embodiment' in various places throughout this speci 
fication are not necessarily all referring to the same embodi 
ment. Furthermore, the particular features, structures, or 
characteristics may be combined in any suitable manner in 
one or more embodiments. 
0060. As used in this specification and the appended 
claims, the singular forms “a,” “an,” and “the include plural 
referents unless the content clearly dictates otherwise. It 
should also be noted that the term 'or' is generally employed 
in its sense including “and/or unless the content clearly 
dictates otherwise. 
0061 The headings and Abstract of the Disclosure pro 
vided herein are for convenience only and do not interpret the 
Scope or meaning of the embodiments. 
0062. As used herein, the term "element” refers to any 
projected sensible (e.g., visible light) or detectable (e.g., 
infrared) or otherwise discernable electromagnetic radiation 
forming at least a portion of a larger pattern. Elements can 
have any shape or geometry including shapes and geometries 
that are altered or varied in one or more dimensions as a 
function of distance from the projection device providing the 
electromagnetic radiation. In at least Some instances, such 
elements may be variously referred to as "dots.” “points.” or 
“spots.” 
0063 As used herein, the term “pattern of elements’ and 
“reference pattern of elements’ refers to a pattern of elements 
appearing outwardly random, yet is highly structured and 
reproducible such that any group of a defined number of 
elements in the pattern provides a unique spatial geometry 
that is not reproduced elsewhere in the overall pattern by any 
other grouping of a same number of elements. In some 
instances, the number of elements forming the unique spatial 
geometry may number three or more. A “reference pattern of 
elements’ or a “reference element pattern” refers to the case 
where the pattern of elements is projected into a baseline 
three-dimensional space having a known spatial geometry to 
provide a pattern of elements having a known distance 
between the projection device and each of the elements form 
ing the reference pattern of elements. A common element 
pattern is used to provide both the reference element pattern 
and the pattern of elements projected on the object positioned 
in the three-dimensional space. 
0064 FIG. 1A shows a volume dimensioning system 100 
including an image acquisition device 102 having a field-of 
view, at least one processor communicably coupled to the 
image acquisition device, at least one non-transitory storage 
medium 106, and at least one projection device 108 to project 
an element pattern 130 into a three-dimensional space 120, 
according to one illustrated embodiment. FIG. 1B shows an 
image of an object 150 disposed in the three-dimensional 
space 120 with at least a portion of an element pattern 130 
projected on the object 150 and the remainder of the element 
pattern 130 projected into the three-dimensional space 120 
falling within the field-of-view of the image acquisition 
device 102 and a number of coordinate data lists 170 each 
including numerical data corresponding to the Cartesian 
coordinates 172a-172n (collectively “Cartesian coordinates 
172) of each of the reference elements included in the 
respective coordinate list 170, according to one illustrated 
embodiment. FIG. 1C shows an image of the element pattern 
130 projected into the three-dimensional space 120 without 
an object 150 present, to provide a reference element pattern 
140 and a reference data list 160 including numerical data 
corresponding to the Cartesian coordinates 162a-162n (col 
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lectively “Cartesian coordinates 162’) of each of the refer 
ence elements included in the reference element pattern 140, 
according to an illustrated embodiment. 
0065. The volume dimensioning system may optionally 
include one or more output devices 112 and one or more input 
devices 114 communicably coupled to the at least one pro 
cessor 104. The image acquisition device 102 can acquire 
image data representative of the three-dimensional space 120 
and any objects 150 placed therein that lie within the field 
of-view of the image acquisition device 102. The image data 
acquired by the image acquisition device 102 can include at 
least a portion of the element pattern 130 projected into the 
three-dimensional space 120. 
0066. The volume dimensioning system 100 determines 
the distance to objects placed within the three-dimensional 
space 120 by comparing the element pattern 130 in the 
acquired image with the element pattern 130 in the reference 
element pattern 140. By aligning the elements included in the 
element pattern 130 in the acquired image data with corre 
sponding elements in the reference element pattern 140, shifts 
in coordinate locations of corresponding elements in the 
acquired image data and the reference image data can be used 
to determine a distance between the projection device 108 and 
each of the respective elements in the element pattern 130. 
0067. The image acquisition device 102 can include any 
number or combination of systems or devices suitable for 
providing data indicative of the three-dimensional space 120 
and any objects placed therein. The image acquisition device 
102 is used to acquire image data representative of a scene in 
the field-of-view of the image acquisition device. When the 
projection device 108 projects the element pattern 130 into 
the three-dimensional space 120, the image data acquired by 
the image acquisition device includes data indicative of the 
location and optionally the intensity of the elements included 
in the element pattern 130. Such image data may be generated 
using an image acquisition device 102 sensitive to incident 
electromagnetic radiation in the visible electromagnetic spec 
trum (e.g., wavelengths between about 360 nanometers 
(“nm’) and about 700 nm) when the element pattern 130 is 
projected in the visible electromagnetic spectrum. Such 
image data may be generated using an image acquisition 
device 102 sensitive to incident, invisible, portions of the 
electromagnetic spectrum, Such as the infrared or near-infra 
red portions of the electromagnetic spectrum (e.g., wave 
lengths between about 700 nm and about 1000 nm) when the 
element pattern 130 is projected in an invisible portion of the 
electromagnetic spectrum. 
0068. In some implementations, the image acquisition 
device 102 may operate in at least a portion of the visible 
electromagnetic spectrum and in at least a portion of the 
invisible electromagnetic spectrum (e.g., a charge-coupled 
device or “CCD' sensor having an operating sensitivity that 
falls within portions of both the visible and invisible electro 
magnetic spectrum at wavelengths of from about 360 nm to 
about 800 nm). Such an image capture device advantageously 
permits the capture of a element pattern 130 projected in an 
invisible portion of the electromagnetic spectrum (e.g., near 
infrared) while contemporaneously capturing image data in 
the visible spectrum representative of the field-of-view of the 
image acquisition device. 
0069. In at least some implementations, the image acqui 
sition device 102 may include one or more systems or devices 
for enhancing or otherwise altering the acquired image data. 
For example, the image acquisition device 102 may include 
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one or more filters or signal processors to remove or other 
wise separate image data representative of the visible portion 
of the electromagnetic spectrum from image data representa 
tive of the invisible portion of the electromagnetic spectrum 
in at least a portion of the acquired image data. 
0070 All or a portion of the acquired image data provided 
by the image acquisition device 102 can be communicated 
from the image acquisition device 102 to the at least one 
processor 104 or the at least one non-transitory storage 
medium 106. One or more machine executable instruction 
sets can cause the at least one processor 106 to extract or 
otherwise separate the portion of the acquired image data 
corresponding to each of the elements in the element pattern 
130. In at least some instances, the machine executable 
instructions may further cause the at least one processor 104 
to determine coordinate data (e.g., Cartesian coordinate data) 
associated with each element location in at least a portion of 
the element pattern 130 present in the acquired image data. 
(0071. In at least some instances, the machine executable 
instructions may further cause the at least one processor 104 
to organize or form the Cartesian coordinates 172 associated 
with the location of each of the elements in the acquired 
image data into a number of coordinate data lists 170. Each of 
the number of coordinate data lists 170 can include a single 
dimensional or a two-dimensional array containing numeri 
cal data corresponding to the Cartesian coordinates 172 for 
each of the elements included in the respective coordinate 
data list 170. In some implementations, the machine execut 
able instructions may further cause the at least one processor 
104 to organize or form the Cartesian coordinates 172 corre 
sponding to the locations all of the elements in the acquired 
image data into a single coordinate data list 170. The at least 
one processor 104 may store or otherwise retain the number 
of coordinate data lists 170 in a non-transitory storage media 
partially or completely within the at least one processor 104, 
in the at least one non-transitory storage medium 106, or any 
combination thereof. 

0072. One or more sets of machine executable instructions 
cause the at least one processor 104 to perform a comparison 
of the numerical data representative of the element locations 
in each of the number of coordinate data lists 170 with the 
numerical data representative of the reference element loca 
tions in the reference data list 160. The comparison can be 
performed by the at least one processor 104 as a search of the 
reference data list 160 for corresponding points appearing in 
each of the number of coordinate data lists. Advantageously, 
by performing a numerical comparison of the reference data 
list 160 with each of the number of coordinate data lists 170, 
the need for computation resource intensive graphical com 
parison of acquired image data is eliminated, thereby permit 
ting the comparison using a less powerful, slower processor 
106 such as those found in many portable or handheld elec 
tronic devices. 
0073 For example, a low resolution image acquisition 
device 102 may provide an acquired image having 1 to 3 
megapixels of data. Such an image generates an image data 
file of at least 1 to 3 megabytes. In contrast, the element 
pattern 130 includes about 11,000 elements in the acquired 
image data. By extracting only coordinate data corresponding 
to the locations of the elements in the element pattern 130 in 
the acquired image data, the file size may be reduced by up to 
100 times. Comparing a coordinate data list containing 
numerical data corresponding to the coordinate locations of 
11,000 elements in the element pattern 130 with a reference 
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data list containing a comparable quantity of numerical data 
corresponding to the coordinate locations of 11,000 elements 
in the reference element pattern 140 significantly reduces the 
necessary computing resources, particularly when compared 
to a graphical search routine using a 1 to 3 megapixel image. 
0074 The at least one processor 104 can compare numeri 
cal data representative of the element locations in each of the 
coordinate data lists 170 is against numerical data represen 
tative of the reference element location in a reference data list 
160. The at least one processor 104 can then identify refer 
ence elements in the reference data list 160 corresponding to 
each of the elements included in each of the number of coor 
dinate data lists 170. Based on the identified correspondence 
between elements in the element pattern 130 and reference 
elements in the reference element pattern 140, the at least one 
processor 104 can determine the spatial shift between every 
acquired element and the corresponding reference element. 
0075. The search of the reference data list can be per 
formed using any search Strategy including a “top-down” 
search Strategy in which numerical data representative of the 
element locations in each of the coordinate data lists 170 is 
sequentially compared top-to-bottom to numerical data rep 
resentative of the reference element locations in a reference 
data list 160. The search of the reference data list 160 can be 
performed using a “bottom-up' search strategy in which 
numerical data representative of the element locations in each 
of the coordinate data lists 170 is sequentially compared 
bottom-to-top to numerical data representative of the refer 
ence element locations in a reference data list 160. Those of 
ordinary skill in the computer programming arts will readily 
appreciate the wide variety of alternative search strategies 
which may also be used to compare numerical data represen 
tative of the element locations in each of the coordinate data 
lists 170 is against numerical data representative of the refer 
ence element locations in a reference data list 160. 
0076. The dimensioning system sensor(s) 114 can take a 
large variety of forms (e.g., digital, analog, still image, mold 
ing images) and can beformed from or contain any number of 
image capture or collection elements, for example picture 
elements or 'pixels. For example, the dimensioning system 
sensor(s) 114 can have between 1,000,000 pixels (1 MP) and 
100,000,000 pixels (100MP). The dimensioning system sen 
sor(s) 114 can include any number of current or future devel 
oped image sensing devices, collectors, or systems that 
include, but are not limited to, one or more complementary 
metal-oxide semiconductor (“CMOS) image sensors or one 
or more charge-coupled device ("CCD) image sensors. 
0077. Data is communicated from the image acquisition 
device 102 to the at least one processor 104 and the at least 
one non-transitory storage media 106 via a number of serial or 
parallel data buses (not shown in FIG. 1A). The non-transi 
tory storage media 106 can be any form of data storage device 
including, but not limited to, optical data storage, electrostatic 
data storage, electroresistive data storage, magnetic data Stor 
age, and/or molecular data storage devices. All or a portion of 
the non-transitory storage media 106 may be disposed within 
the at least one processor 104, for example in the form of a 
cache, registers, or similar non-transitory memory structure 
capable of storing data or machine-readable instructions 
executable by the at least one processor 104. 
0078. The at least one non-transitory storage media 106 
can have any data storage capacity from about 1 megabyte (1 
MB) to about 3 terabytes (3 TB). Two or more storage devices 
may be used to provide all or a portion of the non-transitory 
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storage media 106. For example, in some embodiments, the 
non-transitory storage media 106 can include a non-remov 
able portion including a non-transitory, electrostatic, Volatile 
storage medium and a removable portion Such as a Secure 
Digital (SD) card, a compact flash (CF) card, a Memory Stick, 
or a universal serial bus (“USB) storage device. 
007.9 The at least one processor 104 can execute one or 
more machine readable instruction sets that are stored in 
whole or in part in the at least one non-transitory storage 
media 106. The machine executable instruction set(s) can 
include instructions related to basic functional aspects of the 
at least one processor 104, for example data transmission and 
storage protocols, communication protocols, input/output 
(“I/O”) protocols, USB protocols, and the like. Machine 
executable instruction sets related to all or a portion of the 
dimensioning functionality of the Volume dimensioning sys 
tem 100 and intended for execution by the at least one pro 
cessor 104 while in calibration or pre-run time mode, in run 
time mode, or combinations thereofmay also be stored within 
the at least one non-transitory storage media 106, the at least 
one processor 104, or any combination thereof. Additional 
volume dimensioning system 100 functionality may also be 
stored in the form of machine executable instruction set(s) in 
the at least one non-transitory storage media 106. Such func 
tionality may include system security settings, system con 
figuration settings, language preferences, dimension and Vol 
ume preferences, and the like. 
0080 Data is transferred between the at least one non 
transitory storage media 106 and the at least one processor 
104 via serial or parallel bi-directional data buses (not shown 
in FIG. 1A). The at least one processor 104 can include any 
device comprising one or more cores or independent central 
processing units that are capable of executing one or more 
machine executable instruction sets. The at least one proces 
Sor 104 can, in some embodiments, include a general purpose 
processor such as a central processing unit (“CPU) includ 
ing, but not limited to, an Intel(RAtom R) processor, an Intel(R) 
Pentium(R), Celeron(R), or Core 2R processor, and the like. In 
other embodiments the at least one processor 104 can include 
a system-on-chip (“SoC) architecture, including, but not 
limited to, the Intel(R) Atom(R) System on Chip (“Atom SoC) 
and the like. In other embodiments, at least one processor 104 
can include a dedicated processor Such as an application 
specific integrated circuit (ASIC), a programmable gate 
array (“PGA or “FPGA'), a digital signal processor 
(“DSP”), or a reduced instruction set computer (“RISC) 
based processor. Where the Volume dimensioning system 100 
is a battery-powered portable system, the at least one proces 
Sor 104 can include low power consumption processor(s), for 
example Intel(R) Pentium MR, or Celeron M(R) mobile system 
processors or the like, to extend the system battery life. 
I0081 FIG. 2A shows two element groups 202 and 204, 
each including an seven (7) elements having a spatial geom 
etry that is unique among all groups of seven elements in the 
element pattern 130, according to an illustrated embodiment. 
FIGS. 2B and 2C show the two element groups 202 and 204 
disposed about points of interest associated with an object 
150 in the three-dimensional space 120, according to an illus 
trated embodiment. 

I0082) Numerical data representative of the Cartesian coor 
dinates 213 corresponding to element locations in element 
group 202 is included in coordinate data list 212. Numerical 
data representative of the Cartesian coordinates 215 corre 
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sponding to element locations in element group 204 is 
included in coordinate data list 214. 
0083 Recall, the spatial geometry between the elements 
included in each of element groups 202 and 204 is unique in 
that no group of seven elements elsewhere in the element 
pattern 130 will have a similar spatial geometry. Thus, the 
numerical data representative of the element locations of the 
elements included in element group 202 and the numerical 
data representative of the element locations of the elements 
included in element group 204 will be unique within the 
element pattern 130. Identifying reference elements having 
coordinate data indicative of a spatial arrangement in the 
reference element pattern 140 corresponding to the numerical 
data representative of the element locations of the elements 
included in element group 202 or the numerical data repre 
sentative of the element locations of the elements included in 
element group 204 is therefore sufficient to find correspond 
ing coordinate location data for every element included in the 
acquired image data of the element pattern 130. 
0084. The elements included in element groups 202 and 
204 may be manually selected by the system user or auto 
matically selected by the at least one processor 104. In at least 
Some instances, the Volume dimensioning system user can 
manually select one or more element groups using the input 
device 114. Such as by providing a touch input on a touch 
screen input device 114. In other instances, the at least one 
processor 104 can select the elements included in each of the 
groups of elements. As shown in FIGS. 2B and 2C, at times, 
the element groups may include a number of points of interest 
220 that are either manually identified by the system user or 
autonomously identified by the at least one processor 104. 
Such points of interest 220 may include surface features 
present on the object 150, such as corners of a cubic object 
150 as depicted in FIGS. 2B and 2C. 
0085. After a number of element groups are either manu 
ally or autonomously identified, the machine executable 
instruction set can cause the at least one processor 104 to 
identify those elements within each of the respective element 
groups 202, 204 and extract the data indicative of the Carte 
sian coordinate 213, 215 locations of each of the elements 
within each of the respective element groups 202, 204 from 
the acquired image data provided by the image acquisition 
device 102. The at least one processor 104 can generate or 
otherwise form a number of coordinate data lists 212, 214, 
each containing numerical data indicative of the Cartesian 
coordinate locations 213, 215 of the elements included in 
each of the respective element groups 202, 204. In at least 
Some instances the at least one processor 104 can sort the 
numerical data indicative of the Cartesian coordinate loca 
tions of the elements included in each of the respective coor 
dinate data lists 212, 214. 
I0086. The reference data list 160 can be searched against 
each of the respective coordinate data lists 212, 214 by the at 
least one processor to identify reference elements having 
locations corresponding to the locations of the elements 
included in each group. In at least some instances, the numeri 
cal data indicative of the Cartesian coordinates 162 of the 
reference elements in the reference element pattern 140 may 
be sorted by the at least one processor prior to performing the 
search against each of the coordinate data lists 212, 214. 
0087. The search performed by the at least one processor 
104 can be performed using a top-down or bottom-up search 
strategy where the numerical data corresponding to the Car 
tesian coordinates 213, 215 of the elements included in each 
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of the coordinate data lists 212, 214 are compared to the 
numerical data indicative of the Cartesian coordinates 162 of 
the reference elements in the reference element pattern 140. 
I0088. In some instances, the search performed by the at 
least one processor 104 can be further streamlined by taking 
advantage of the fact that the elements included in each of the 
groups 202, 204 are in close geometric proximity. Since the 
numerical data indicative of the Cartesian coordinates 162 of 
the reference elements in the reference element pattern 140 is 
Sorted, numerical data for those reference elements in close 
geometric proximity is usually found clumped or otherwise 
grouped within a smaller portion of the overall reference data 
list 160. By focusing the search for numerical data indicative 
of Cartesian coordinates 162 of reference elements corre 
sponding to numerical data indicative of Cartesian coordinate 
locations 213, 215 of acquired elements included in each of 
the coordinate data lists 212, 214 on only portion of the 
reference data list 160, the overall burden on computing 
resources may be further reduced. For example, the numerical 
data indicative of Cartesian coordinate locations 213 of 
acquired elements included in coordinate data lists 212 can be 
used to initially search the reference data list 160 using a 
top-down or bottom-up search. However, once the Cartesian 
coordinates 162 of the first corresponding reference element 
are identified in the reference data list 160, the search contin 
ues not from the top or bottom of the reference data list 160, 
but instead from the identified corresponding reference ele 
ment in the reference data list 162. The search can be per 
formed upwardly, downwardly, or alternating upward and 
downward in the reference data list 160 from the identified 
corresponding reference element. For each Subsequently 
identified reference element corresponding to an acquired 
element included in the coordinate data list 212, the at least 
one processor 104 can begin the search using an upward, 
downward or alternating upward and downward search of the 
reference data list 160 about the respective identified corre 
sponding reference element. 
I0089 FIG. 3A shows an element group 310 that includes 
seven elements 312a-312g (collectively “acquired elements 
312) in an acquired element pattern 130 where each of the 
elements 312 is identified using absolute coordinates in a 
system Such as a Cartesian coordinate system, according to an 
illustrated embodiment. FIG. 3B shows the same element 
group 310 including the seven elements 312 in the acquired 
element pattern 130 where one of the elements (312a) is used 
to locally reference each of the other elements 312b-312g in 
the group using relative coordinates Such as polar coordi 
nates, according to an illustrated embodiment. Although a 
seven element group 310 is illustrated in FIGS. 3A and 3B, it 
should be understood by one of ordinary skill in the art that 
each element group 310 may contain a lesser or greater num 
ber of elements. 

0090. In some instances, the search performed by the at 
least one processor 104 can be further streamlined by con 
Verting the numerical data indicative of the Cartesian coordi 
nates of the elements included in the element group 310 to a 
locally referenced coordinate system such as a polar coordi 
nate system where a first element 312a in the group 310 is 
used to reference all of the other elements 312b-312g in group 
310. In Such instances, instead of including numerical data 
indicative of the Cartesian coordinates of the reference ele 
ments included in the reference element pattern 140 is con 
verted to a reference data list 320 including locally-refer 
enced numerical data 322a-322n (collectively “locally 
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referenced numerical data 322) indicative of the angle and 
distance to each of the “m' (where m-the number of elements 
included in each group-1) nearest reference element neigh 
bors of a particular reference element. In some instances, the 
locally-referenced numerical data 322 may be included as a 
configuration parameter of the Volume dimensioning system 
100 at the time of manufacture, at the time of installation, at 
the time of startup, or periodically throughout the lifetime of 
the volume dimensioning system 100. In other instances, the 
numerical data included in a Cartesian coordinate based ref 
erence data list 160 may be numerically converted by the at 
least one processor 104 to locally-referenced numerical data 
322 to provide the reference data list 320. 
0091. By converting the number of elements included in 
each group to a single string of locally-referenced coordinate 
data, the at least one processor 104 can search the reference 
data list 320 one time to find the reference element location 
corresponding to the location of the first element 312a used to 
reference all of the other elements in the group. However, 
since all of the other elements are locally-referenced in both 
the group 310 and in the reference data list 320, identifying 
the first element 312a also identifies every other element in 
the group 310. Thus, advantageously only a single search is 
performed to identify the seven reference elements corre 
sponding to the seven elements included in the group 310. 
0092 FIG. 4 shows a single element 404 detected by the 
image acquisition device 102 where the single element 404 
provides a grayscale image covering a number of pixels 402 
with varying degrees of intensity 406, 408, and 410, accord 
ing to an illustrated embodiment. In at least some instances, 
determining a numerical value indicative of a "center of inten 
sity' 410 of each element 404 included in the acquired ele 
ment pattern 130 can improve the overall accuracy of dimen 
sional and volumetric information determined by the volume 
dimensioning system 100 to a level well within established 
accuracy limits for trade and commerce. In at least some 
instances, prior to determining the coordinate location of each 
of the elements 404 in the acquired element pattern 130, the 
machine executable instructions can cause the at least one 
processor 106 to analyze each element 404 in the acquired 
element pattern 130 to determine a “center of intensity’ for 
each of the elements. The determined “center of intensity' 
410 can then be used by the at least one processor 104 to 
determine the numerical data indicative of the coordinate 
location for the respective element 404 with an enhanced 
level of accuracy. The numerical data indicative of the Carte 
sian coordinates 172 of the “center of intensity’ for each 
element 404 in the acquired element pattern 130 may then be 
used by the at least one processor 104 to generate the coor 
dinate data list 170. 

0093. In at least some implementations, the center of 
intensity may be numerically determined by the at least one 
processor 104 using any color, grayscale, or numerical aver 
aging algorithm. One such numerical averaging algorithm is: 

X w. X, 
X w. 
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-continued 

X. w; Y; 
Yc = - 

X w. 

0094. Where: 
(0.095 Xc–Center of intensity in X direction of element 
(0.096 Yc-Center of intensity in Y direction of element 
0097 XX location of pixel forming element 
(0.098 YY location of pixel forming element 
0099 w, Numerical grayscale weight of pixel 

0100 FIG. 5 shows a high level method 500 of determin 
ing a spatial shift between an element pattern 130 and a 
reference element pattern 140 to enable the determination of 
a distance between the projection device 108 and each of the 
elements forming the acquired element pattern 130, accord 
ing to an illustrated embodiment. The method 500 extracts 
numerical values corresponding to the Cartesian coordinate 
172 locations for each of the elements in the element pattern 
130 from an acquired image of a three-dimensional space 120 
containing at least one object 150 to generate a coordinate 
data list 170. In some implementations, the numerical values 
in the coordinate data list 170 may optionally be sorted by the 
at least one processor 104 to provide an ordered coordinate 
data list 170. The numerical data representative of the element 
locations in each of the coordinate data lists 170 is compared 
against numerical data representative of the reference ele 
ment location in a reference data list 160. The spatial shift 
between the elements in the acquired element pattern 130 and 
the reference element pattern 140 may be used to determine a 
distance from the projection device 108 generating the ele 
ment pattern 130 to each of the respective elements. The 
determined distance to each element in the element pattern 
can be used to determine the volume dimension of objects 150 
placed in the three-dimensional space 120. The comparison 
of numerical data representative of the element locations in 
each of the coordinate data lists 170 against numerical data 
representative of the reference element location in a reference 
data list 160 reduces the computing overhead requirements 
when compared to graphical search techniques, advanta 
geously permitting the use of the Volume dimensioning sys 
tem 100 on portable electronic devices having limited com 
puting resources. The method commences at 502. 
0101. At 504, responsive to receiving image data from the 
image acquisition device 102, the at least one processor 104 
can extract data representative of each element in at least a 
portion of the element pattern 130 from the image data. Theat 
least one processor 104 can further determine numerical val 
ues corresponding to the Cartesian coordinates of each ele 
ment in the element pattern 130 from the data representative 
of each element extracted from the acquired image data. The 
at least one processor 104 can further generate a number of 
coordinate data lists 170. Each of the coordinate data lists 170 
can include numerical data indicative of the Cartesian coor 
dinate locations corresponding to at least three elements in 
the element pattern 130 as determined by the at least one 
processor 104 using the acquired image data obtained from 
the image acquisition device 102. 
0102 At 506, the at least one processor 104 can store each 
of the generated coordinate data lists 170 in a non-transitory 
storage medium. The non-transitory storage medium can 
include a non-transitory storage medium located in whole or 
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in part within the at least one processor 104 or a dedicated 
non-transitory storage medium Such as the non-transitory 
storage medium 106. 
0103) At 508, the at least one processor 104 can compare 
the numerical data indicative of the Cartesian coordinates 172 
of each of the elements included in each of the coordinate data 
lists 170 with stored numerical data indicative of the Carte 
sian coordinates 162 of each of the reference elements 
included in a reference element pattern 140. The comparison 
between the numerical data in each of the coordinate data lists 
170 and the numerical data in the reference data list 160 may 
be performed using a top-down, bottom-up, or similar search 
technique. 
0104. At 510, the at least one processor 104 can identify 
for each element included in each coordinate data list 170 a 
corresponding reference element included in the reference 
data list 160. In at least some instances, such identification 
may be based at least in part on the numerical data indicative 
of the Cartesian coordinate locations 172 of each of the ele 
ments and the numerical data indicative of the Cartesian 
coordinate locations 162 of each of the reference elements. 
0105. At 512, using the element correspondence deter 
mined at 510, the at least one processor can determine the 
spatial shift between each of the elements in the acquired 
element pattern 130 and the reference element pattern 140. 
The determined spatial shift between the acquired and corre 
sponding reference elements may be used to Subsequently 
determine the distance between the projection device 108 and 
each of the elements in the element pattern 130 as a prepara 
tory step in volume dimensioning objects 150 placed in the 
three-dimensional space 120 within the field-of-view of the 
image acquisition device 102. The method concludes at 514. 
0106 FIG. 6 shows a high level method 600 of determin 
ing a spatial shift between an element pattern 130 and a 
reference element pattern 140 to enable the determination of 
a distance between the projection device 108 and each of the 
elements forming the acquired element pattern 130 using a 
number of sorted coordinate data lists 170, according to an 
illustrated embodiment. The method 600 extracts numerical 
values corresponding to the Cartesian coordinate 172 loca 
tions for each of the elements in the element pattern 130 from 
an acquired image of a three-dimensional space 120 contain 
ing at least one object 150 to generate a number of coordinate 
data lists 170. The numerical values in each of the number of 
coordinate data lists 170 are sorted by the at least one proces 
sor 104 to provide a number of ordered coordinate data lists 
170. Each of the number of ordered coordinate data lists 170 
is compared against a reference data list 160 containing 
numerical values for the Cartesian coordinate locations 162 
for each of the elements in a reference element pattern 140. In 
at least Some instances, the numerical data contained in the 
reference data list 160 may also be sorted. The sorted coor 
dinate data lists 170 and sorted reference data list 160 advan 
tageously further reduce the search requirement since ele 
ment groups often appear in close proximity within the 
reference data list 160. The spatial shift between the elements 
in the acquired element pattern 130 and the reference element 
pattern 140 may be used to determine a distance from the 
projection device 108 generating the element pattern 130 to 
each of the respective elements. The determined distance to 
each element in the element pattern can be used to determine 
the volume dimension of objects 150 placed in the three 
dimensional space 120. The comparison of numerical data in 
the coordinate data list 170 with numerical data in the refer 
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ence data list 160 reduces the computing overhead require 
ments when compared to graphical search techniques, advan 
tageously permitting the use of the Volume dimensioning 
system 100 on portable electronic devices having limited 
computing resources. The method commences at 602. 
0107 At 604, responsive to receiving image data from the 
image acquisition device 102, the at least one processor 104 
can extract data representative of each element in at least a 
portion of the element pattern 130 from the image data. Theat 
least one processor 104 can further determine numerical val 
ues corresponding to the Cartesian coordinates of each ele 
ment in the element pattern 130 from the data representative 
of each element extracted from the acquired image data. 
0108. At 606, the at least one processor 104 generates a 
number of coordinate data lists 170. Each of the coordinate 
data lists 170 can include numerical data indicative of the 
Cartesian coordinate locations corresponding to an element 
group including at least three elements in the element pattern 
130. The elements included in each element group may be 
manually determined by the system user or autonomously 
determined by the at least one processor 104. In at least some 
instances, some or all of the element groups may correspond 
to manually or autonomously identified points of interest 
within the acquired image data. 
0109 At 608, the at least one processor 104 can sort the 
numerical data included in each of the number of coordinate 
data lists 170 to provide a number of ordered coordinate data 
listS 170. 

0110. At 610, the at least one processor 104 can store each 
of the ordered coordinate data lists 170 in a non-transitory 
storage medium. The non-transitory storage medium can 
include a non-transitory storage medium located in whole or 
in part within the at least one processor 104 or a dedicated 
non-transitory storage medium Such as the non-transitory 
storage medium 106. 
0111. At 612, the at least one processor 104 can compare 
the numerical data indicative of the Cartesian coordinates 172 
of each of the elements included in each of the ordered coor 
dinate data lists 170 with stored numerical data indicative of 
the Cartesian coordinates 162 of each of the reference ele 
ments included in a reference element pattern 140. The com 
parison between the numerical data corresponding to a first 
element in each of the coordinate data lists 170 and the 
numerical data in the reference data list 160 may be per 
formed using a top-down, bottom-up, or similar search tech 
nique. In searches for Subsequent elements included in each 
of the coordinate data lists 170, the at least one processor 104 
can begin searching upward, downward, or alternating 
upward and downward from the reference element corre 
sponding to the immediately previous element in the coordi 
nate data list. For example, the at least one processor 104 may 
start at the bottom or the top of the reference data list 160 to 
perform the initial search of the reference data list 160 to 
identify a reference element corresponding to the first ele 
mentina coordinate data list 170. After the reference element 
corresponding to the first element in the coordinate data list 
170 is identified, the at least one processor will begin the 
search of the reference data list 160 to identify a reference 
element corresponding to a second element in the coordinate 
data list 170 at the reference element corresponding to the first 
element in the coordinate data list 170. The search for the 
reference element corresponding to the second element in the 
coordinate data list 170 can be performed upwardly in the 
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reference data list 160, downwardly in the reference data list 
160, or alternating between upward and downward in the 
reference data list 160. 
0112 At 614, the at least one processor 104 can identify 
for eachelement included in each of the number of coordinate 
data lists 170 a corresponding reference element included in 
the reference data list 160. In at least some instances, such 
identification may be based at least in part on the numerical 
data indicative of the Cartesian coordinate locations 172 of 
each of the elements and the numerical data indicative of the 
Cartesian coordinate locations 162 of each of the reference 
elements. 
0113. At 616, using the element correspondence deter 
mined at 614, the at least one processor can determine the 
spatial shift between each of the elements in the acquired 
element pattern 130 and the reference element pattern 140. 
The determined spatial shift between the acquired and corre 
sponding reference elements may be used to Subsequently 
determine the distance between the projection device 108 and 
each of the elements in the element pattern 130 as a prepara 
tory step in volume dimensioning objects 150 placed in the 
three-dimensional space 120 within the field-of-view of the 
image acquisition device 102. The method concludes at 618. 
0114 FIG. 7 shows a high level method 700 of determin 
ing a spatial shift between an element pattern 130 and a 
reference element pattern 140 to enable the determination of 
a distance between the projection device 108 and each of the 
elements forming the acquired element pattern 130 using a 
number of sorted, locally-referenced, coordinate data lists 
170, according to an illustrated embodiment. The method 700 
extracts numerical values corresponding to the Cartesian 
coordinate 172 locations for each of the elements in the ele 
ment pattern 130 from an acquired image of a three-dimen 
sional space 120 containing at least one object 150. Element 
groups including at least three elements are manually or 
autonomously identified and numerical data indicative of the 
Cartesian coordinates for each of the at least three elements 
included in each of the number of element groups are formed 
into a coordinate data list for the respective element group. 
0115 The numerical data indicative of the Cartesian coor 
dinates for the at least three elements in each element group 
are then converted by the at least one processor 104 to numeri 
cal data indicative of a locally-referenced coordinate system 
where a first element in each element group is locally refer 
enced to every other element included in the element group. 
Each of the number of coordinate data lists 170 is thus trans 
formed into locally-referenced coordinate data list. 
0116. The numerical values in each of the number of 
locally-referenced coordinate data lists may be optionally 
sorted by the at least one processor 104 to provide a number 
of ordered, locally-referenced, coordinate data lists. Each of 
the number of locally referenced coordinate data lists is com 
pared against a locally referenced reference data list320. In at 
least some instances, the numerical data contained in the 
locally-referenced reference data list 320 may also be sorted. 
The locally-referenced coordinate data lists and locally-ref 
erenced reference data list320 advantageously further reduce 
the search requirement since only a single search is needed to 
identify reference elements corresponding to all of the ele 
ments in an element group. The spatial shift between the 
elements in the acquired element pattern 130 and the refer 
ence element pattern 140 may be used to determine a distance 
from the projection device 108 generating the element pattern 
130 to each of the respective elements. The determined dis 
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tance to each element in the element pattern can be used to 
determine the volume dimension of objects 150 placed in the 
three-dimensional space 120. The comparison of numerical 
data in the locally-referenced coordinate data list with 
numerical data in the locally-referenced reference data list 
320 further reduces the computing overhead requirements 
when compared to graphical search techniques, advanta 
geously permitting the use of the Volume dimensioning sys 
tem 100 on portable electronic devices having limited com 
puting resources. The method commences at 702. 
0117. At 704, responsive to receiving image data from the 
image acquisition device 102, the at least one processor 104 
can extract data representative of each element in at least a 
portion of the element pattern 130 from the image data. Theat 
least one processor 104 can further determine numerical val 
ues corresponding to the Cartesian coordinates of each ele 
ment in the element pattern 130 from the data representative 
of each element extracted from the acquired image data. 
0118. At 706, the at least one processor 104 generates a 
number of coordinate data lists 170. Each of the coordinate 
data lists 170 can include numerical data indicative of the 
Cartesian coordinate locations corresponding to an element 
group including at least three elements in the element pattern 
130. The elements included in each element group may be 
manually determined by the system user or autonomously 
determined by the at least one processor 104. In at least some 
instances, some or all of the element groups may correspond 
to manually or autonomously identified points of interest 
within the acquired image data. 
0119. At 708, the at least one processor 104 can convert 
the numerical data indicative of Cartesian coordinate loca 
tions for each of the elements included in the coordinate data 
list 170 associated with each element group to numerical data 
indicative of a locally-referenced coordinates for each of the 
elements included in the coordinate data list 170 associated 
with each element group. In at least one instance, a first 
element in each element group may be identified by the at 
least one processor 104 and each Subsequent element 
included in the element group may be locally referenced to 
the identified first element using Polar coordinates (e.g., an 
angle and distance between the elements). 
0.120. At 710, the at least one processor 104 may option 
ally sort the numerical data included in each of the number of 
locally-referenced coordinate data lists to provide a number 
of ordered, locally-referenced, coordinate data lists. 
I0121. At 712, the at least one processor 104 can store each 
of the locally-referenced coordinate data lists in a non-tran 
sitory storage medium. The non-transitory storage medium 
can include a non-transitory storage medium located in whole 
or in part within the at least one processor 104 or a dedicated 
non-transitory storage medium Such as the non-transitory 
storage medium 106. 
I0122. At 714, the at least one processor 104 can compare 
the numerical data indicative of the locally-referenced coor 
dinates of each of the elements included in each of the locally 
referenced coordinate data lists with stored numerical data 
indicative of the locally-referenced coordinates 322 of each 
of the reference elements included in a locally-referenced 
reference data list320. The comparison between the numeri 
cal data indicative of the locally-referenced coordinates of 
each of the elements included in each of the locally-refer 
enced coordinate data lists and the locally-referenced refer 
ence data list 320 may be performed using a top-down, bot 
tom-up, or similar search technique 
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0123. At 716, the at least one processor 104 can identify 
for each element included in each of the number of locally 
referenced coordinate data lists a corresponding reference 
element included in the locally-referenced reference data list 
320. In at least some instances, such identification may be 
based at least in part on the numerical data indicative of the 
locally-referenced coordinates of each of the elements 
included in the element group and the numerical data indica 
tive of the locally-referenced coordinate locations 322 of each 
of the reference elements. 

0.124. At 718, using the element correspondence deter 
mined at 716, the at least one processor can determine the 
spatial shift between each of the elements in the acquired 
element pattern 130 and the reference element pattern 140. 
The determined spatial shift between the acquired and corre 
sponding reference elements may be used to Subsequently 
determine the distance between the projection device 108 and 
each of the elements in the element pattern 130 as a prepara 
tory step in volume dimensioning objects 150 placed in the 
three-dimensional space 120 within the field-of-view of the 
image acquisition device 102. The method concludes at 720. 
0125 FIG. 8 shows a high level method 800 of determin 
ing with enhanced accuracy aspatial shift between an element 
pattern 130 and a reference element pattern 140 to enable the 
determination of a distance between the projection device 108 
and each of the elements forming the acquired element pat 
tern 130, according to an illustrated embodiment. The at least 
one processor 104 first determines a “center of intensity’410 
for each element included in the acquired element pattern 
130. The determined center of intensity 410 is then used by 
the at least one processor 104 to extract numerical values of 
the Cartesian coordinate 172 locations for each of the ele 
ments in the element pattern 130 from an acquired image of a 
three-dimensional space 120 containing at least one object 
150 to generate a coordinate data list 170. In some implemen 
tations, the numerical values in the coordinate data list 170 
can be sorted by the at least one processor 104 to provide an 
ordered coordinate data list 170. The coordinate data list is 
compared against a reference data list 160 containing numeri 
cal values for the Cartesian coordinate locations 162 for each 
of the elements in a reference element pattern 140. The spatial 
shift between the elements in the acquired element pattern 
130 and the reference element pattern 140 may be used to 
determine a distance from the projection device 108 generat 
ing the element pattern 130 to each of the respective elements. 
The determined distance to each element in the element pat 
tern can be used to determine the volume dimension of 
objects 150 placed in the three-dimensional space 120. The 
comparison of numerical data in the coordinate data list 170 
with numerical data in the reference data list 160 reduces the 
computing overhead requirements when compared to graphi 
cal search techniques, advantageously permitting the use of 
the volume dimensioning system 100 on portable electronic 
devices having limited computing resources. The method 
commences at 802. 

0126. At 804, responsive to receiving image data from the 
image acquisition device 102, the at least one processor 104 
extract data representative of each element in at least a portion 
of the element pattern 130 from the acquired image data 
provided by an image acquisition device 102. The at least one 
processor 104 then determines a “center of intensity' 410 for 
each of the extracted elements. The at least one processor 104 
can then determine numerical values corresponding to the 
Cartesian coordinates of the determined “center of intensity' 
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410 for each element in the element pattern 130 from the data 
representative of each element extracted from the acquired 
image data. 
I0127. At 806, the at least one processor 104 generates a 
number of coordinate data lists 170. Each of the coordinate 
data lists 170 can include numerical data indicative of the 
Cartesian coordinate locations corresponding to at least three 
elements in the element pattern 130 as determined by the at 
least one processor 104 using the acquired image data 
obtained from the image acquisition device 102. 
I0128. At 808, the at least one processor 104 can optionally 
sort the numerical data included in each of the number of 
coordinate data lists 170 to provide a number of ordered 
coordinate data lists 170. 
I0129. At 810, the at least one processor 104 can store each 
of the ordered coordinate data lists 170 in a non-transitory 
storage medium. The non-transitory storage medium can 
include a non-transitory storage medium located in whole or 
in part within the at least one processor 104 or a dedicated 
non-transitory storage medium Such as the non-transitory 
storage medium 106. 
0.130. At 812, the at least one processor 104 can compare 
the numerical data indicative of the Cartesian coordinates 172 
of each of the elements included in each of the ordered coor 
dinate data lists 170 with stored numerical data indicative of 
the Cartesian coordinates 162 of each of the reference ele 
ments included in a reference element pattern 140. The com 
parison between the numerical data in each of the ordered 
coordinate data lists 170 and the numerical data in the refer 
ence data list 160 may be performed using a top-down, bot 
tom-up, or similar search technique. 
I0131. At 814, the at least one processor 104 can identify 
for each element included in each ordered coordinate data list 
170 a corresponding reference element included in the refer 
ence data list 160. In at least some instances, such identifica 
tion may be based at least in part on the numerical data 
indicative of the Cartesian coordinate locations 172 of each of 
the elements and the numerical data indicative of the Carte 
sian coordinate locations 162 of each of the reference ele 
mentS. 

0.132. At 816, using the element correspondence deter 
mined at 510, the at least one processor can determine the 
spatial shift between each of the elements in the acquired 
element pattern 130 and the reference element pattern 140. 
The determined spatial shift between the acquired and corre 
sponding reference elements may be used to Subsequently 
determine the distance between the projection device 108 and 
each of the elements in the element pattern 130 as a prepara 
tory step in volume dimensioning objects 150 placed in the 
three-dimensional space 120 within the field-of-view of the 
image acquisition device 102. The method concludes at 818. 
I0133. The foregoing detailed description has set forth vari 
ous embodiments of the devices and/or processes via the use 
of block diagrams, schematics, and examples. Insofar as Such 
block diagrams, schematics, and examples contain one or 
more functions and/or operations, it will be understood by 
those skilled in the art that each function and/or operation 
within Such block diagrams, flowcharts, or examples can be 
implemented, individually and/or collectively, by a wide 
range of hardware, Software, firmware, or virtually any com 
bination thereof. In one embodiment, the present subject mat 
ter may be implemented via Application Specific Integrated 
Circuits (ASICs) or programmable gate arrays. However, 
those skilled in the art will recognize that the embodiments 
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disclosed herein, in whole or in part, can be equivalently 
implemented in standard integrated circuits, as one or more 
computer programs running on one or more computers (e.g., 
as one or more programs running on one or more computer 
systems), as one or more programs running on one or more 
controllers (e.g., microcontrollers) as one or more programs 
running on one or more processors (e.g., microprocessors), as 
firmware, or as virtually any combination thereof, and that 
designing the circuitry and/or writing the code for the Soft 
ware and or firmware would be well within the skill of one of 
ordinary skill in the art in light of this disclosure. 
0134. Various methods and/or algorithms have been 
described. Some or all of those methods and/or algorithms 
may omit some of the described acts or steps, include addi 
tional acts or steps, combine acts or steps, and/or may perform 
some acts or steps in a different order than described. Some of 
the method or algorithms may be implemented in Software 
routines. Some of the software routines may be called from 
other software routines. Software routines may execute 
sequentially or concurrently, and may employ a multi 
threaded approach. 
0135) In addition, those skilled in the art will appreciate 
that the mechanisms taught herein are capable of being dis 
tributed as a program product in a variety of forms, and that an 
illustrative embodiment applies equally regardless of the par 
ticular type of signal bearing non-transitory media used to 
actually carry out the distribution. Examples of non-transi 
tory signal bearing media include, but are not limited to, the 
following: recordable type media such as portable disks and 
memory, hard disk drives, CD/DVD ROMs, digital tape, 
computer memory, and other non-transitory computer-read 
able storage media. 
0.136 While discussed interms of projection of dots, many 
of the techniques described herein could be employed in 
dimensioning systems that capture image data from objects 
which bear element patterns, for instance printed or otherwise 
inscribed on or in at least one surface of the object. 
0.137 These and other changes can be made to the embodi 
ments in light of the above-detailed description. In general, in 
the following claims, the terms used should not be construed 
to limit the claims to the specific embodiments disclosed in 
the specification and the claims, but should be construed to 
include all possible embodiments along with the full scope of 
equivalents to which Such claims are entitled. Accordingly, 
the claims are not limited by the disclosure. 

1. A portable structured light dimensioning system to 
determine a Volume dimension of an object, comprising: 

an image acquisition device to acquire image data repre 
sentative of at least an element pattern projected into a 
three-dimensional space that includes at least one 
object; 

at least one processor communicably coupled to the image 
acquisition device; and 

at least one non-transitory storage medium communicably 
coupled to the at least one processor and having stored 
therein at least one set of machine executable instruc 
tions that when executed by the at least one processor 
cause the at least one processor to: 
determine coordinate data associated with each element 

location in at least a portion of the element pattern 
present in the acquired image data; 

generate a number of coordinate data lists, each includ 
ing coordinate data associated with at least three ele 
ment locations in the acquired image data; 
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for each coordinate data list: 
compare the coordinate data associated with each of 

the at least three element locations in the acquired 
image data with a reference data list including ref 
erence coordinate data associated with reference 
element locations in a reference element pattern; 
and 

select for each of the at least three element locations, 
a corresponding reference element location in the 
reference element pattern; and 

determine a spatial shift between the coordinate data 
associated with each of the at least three element 
locations in the acquired image data and the coor 
dinate data associated with the respective corre 
sponding reference element location in the refer 
ence element pattern. 

2. The system of claim 1 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

for each coordinate data list, compare the coordinate data 
associated with each of the at least three element loca 
tions in the acquired image data with a reference data list 
by performing for the coordinate data associated with 
each of the at least three element locations, at least one 
of a top-to-bottom search, or, a bottom-to-top search of 
the reference data list to compare the coordinate data 
associated with the respective element location with 
coordinate data associated with each reference element 
location in the reference data list. 

3. The system of claim 1 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the processor to: 

for each coordinate data list, sort the coordinate data using 
a defined sort pattern to provide a respective ordered 
coordinate data list. 

4. The system of claim 3 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

for each ordered coordinate data list performat least one of 
a top-to-bottom search or a bottom-to-top search of the 
reference data list to compare the coordinate data asso 
ciated with a first element location in the ordered coor 
dinate data list with coordinate data associated with each 
reference element location in the reference data list; and 

for coordinate data in the ordered coordinate data list asso 
ciated with each remaining element location, performat 
least one of an upward search, a downward search, oran 
alternating upward/downward search about coordinate 
data associated with a reference element in the reference 
data list corresponding to coordinate data associated 
with an immediately preceding element location. 

5. The system of claim 4 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

for each ordered coordinate data list performat least one of 
a top-to-bottom search or a bottom-to-top search of an 
ordered reference data list to compare the coordinate 
data associated with a first element location in the 
ordered coordinate data list with coordinate data associ 
ated with each reference element location in the ordered 
reference data list; and 

for coordinate data in the ordered coordinate data list asso 
ciated with each remaining element location, performat 
least one of an upward search, a downward search, oran 
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alternating upward/downward search about coordinate 
data associated with a reference element in the ordered 
reference data list corresponding to coordinate data 
associated with an immediately preceding remaining 
element location. 

6. The system of claim 3 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the processor to: 

generate an ordered coordinate data list about each of a 
number of points of interest in the acquired image data to 
provide the number of ordered coordinate data lists, each 
ordered coordinate data list including coordinate data 
associated with each of at least three element locations 
about each respective point of interest. 

7. The system of claim 6 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

accept a number of user inputs, each of the user inputs 
corresponding to one of the number of points of interest 
in the acquired image data. 

8. The system of claim 6 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

autonomously determine each of the number of points of 
interest in the acquired image data. 

9. The system of claim 3 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the processor to: 

for each ordered coordinate data list, convert the coordinate 
data associated with the at least three element locations 
in the acquired image data to a second, locally-refer 
enced coordinate system that relates the coordinate data 
associated a first of the at least three elements included 
the respective ordered coordinate data list to the coordi 
nate data associated with each of the other of the at least 
three elements included in the respective ordered coor 
dinate data list to provide a respective ordered, locally 
referenced, coordinate data list. 

10. The system of claim 9 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

for each ordered, locally referenced, coordinate data list 
perform at least one of a top-to-bottom search or a bot 
tom-to-top search of a locally-referenced, reference data 
list in which the coordinate data associated with each 
reference element is related to coordinate data associ 
ated with a number of neighboring reference elements in 
the reference pattern, to compare the locally-referenced 
coordinate data associated with the first of the at least 
three elements in the ordered, locally-referenced, coor 
dinate data list with coordinate data associated with each 
reference element location in the locally-referenced, ref 
erence data list. 

11. The system of claim 1, further comprising wherein the 
machine executable instructions, when executed by the at 
least one processor, further cause the processor to: 

determine a center of intensity of element locations in at 
least a portion of the element pattern present in the 
acquired image data; and 

determine coordinate data corresponding to the determined 
center of intensity of the element locations in at least a 
portion of the element pattern present in the acquired 
image data. 
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12. The system of claim 11, further comprising wherein the 
machine executable instructions, when executed by the at 
least one processor, further cause the processor to: 

determine a center of intensity of element locations in at 
least a portion of the element pattern present in the 
acquired image data using grayscale values associated 
with each of the respective element locations. 

13. The system of claim 1 wherein the machine executable 
instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

determine a respective distance between the image acqui 
sition device and each of the elements in at least a por 
tion of the pattern of elements incident upon the at least 
one object positioned in the three-dimensional space. 

14. The system of claim 13 wherein the machine execut 
able instructions, when executed by the at least one processor, 
further cause the at least one processor to: 

determine a respective Volume dimension associated with 
the at least one object using the determined respective 
distances between the image acquisition device and each 
of the elements in at least a portion of the pattern of 
elements incident upon the at least one object positioned 
in the three-dimensional space. 

15. A structured light dimensioning method to determine a 
Volume dimension of an object, comprising: 

determining by at least one processor coordinate data cor 
responding to element locations in at least a portion of 
the element pattern present in acquired image data pro 
vided by at least one communicably coupled image cap 
ture device; 

generating by the at least one processor a number of coor 
dinate data lists, each coordinate data list including coor 
dinate data associated with at least three element loca 
tions in the acquired image data; 

storing each of the number of coordinate data lists in at 
least one non-transitory storage media communicably 
coupled to the at least one processor, 

for each coordinate data list: 
comparing by the at least one processor the coordinate 

data associated each of the at least three element loca 
tions in the acquired image data with a reference data 
list stored in at least one non-transitory storage media 
communicably coupled to the at least one processor, 
the reference data list including reference coordinate 
data associated with reference element locations in a 
reference element pattern; 

Selecting by the at least one processor, for each of the at 
least three element locations, a corresponding refer 
ence element location in the reference element pat 
tern; and 

determining by the at least one processor a spatial shift 
between the coordinate data associated with each of 
the at least three element locations in the acquired 
image data and the coordinate data associated with the 
respective corresponding reference element location 
in the reference element pattern. 

16. The method of claim 15 wherein comparing by the at 
least one processor the coordinate data associated each of the 
at least three element locations in the acquired image data 
with a reference data list comprises: 

comparing by the at least one processor the coordinate data 
associated each of the at least three element locations in 
the acquired image data with a reference data list by 
performing for the coordinate data associated with each 
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of the at least three element locations, at least one of a 
top-to-bottom search or a bottom-to-top search of the 
reference data list to compare the coordinate data asso 
ciated with the respective element location with coordi 
nate data associated with each reference element loca 
tion in the reference data list. 

17. The method of claim 15, further comprising: 
for each coordinate data list, sorting by the at least one 

processor the coordinate data using a defined sort pattern 
to provide a respective ordered coordinate data list. 

18. The method of claim 17, further comprising: 
for each ordered coordinate data list, performing by the at 

least one processor at least one of a top-to-bottom search 
or a bottom-to-top search of the reference data list to 
compare the coordinate data associated with a first ele 
ment location in the ordered coordinate data list with 
coordinate data associated with each reference element 
location in the reference data list; and 

for coordinate data in the ordered coordinate data list asso 
ciated with each remaining element location, perform 
ing by the at least one processor at least one of an upward 
search, a downward search, or an alternating upward/ 
downward search about coordinate data associated with 
a reference element in the reference data list correspond 
ing to coordinate data associated with an immediately 
preceding element location. 

19. The method of claim 17, further comprising: 
for each ordered coordinate data list, performing by the at 

least one processor at least one of a top-to-bottom search 
or a bottom-to-top search of an ordered reference data 
list to compare the coordinate data associated with a first 
element location in the ordered coordinate data list with 
coordinate data associated with each reference element 
location in the ordered reference data list; and 

for coordinate data in the ordered coordinate data list asso 
ciated with each remaining element location, perform 
ing by the at least one processor at least one of an upward 
search, a downward search, or an alternating upward/ 
downward search about coordinate data associated with 
a reference element in the ordered reference data list 
corresponding to coordinate data associated with an 
immediately preceding remaining element location. 

20. The method of claim 17 wherein generating by the at 
least one processor a number of coordinate data lists com 
prises: 

generating by the at least one processor, an ordered coor 
dinate data list proximate each of a number of points of 
interest in the acquired image data to provide the number 
of ordered coordinate data lists, each ordered coordinate 
data list including coordinate data associated with each 
of at least three element locations about each respective 
point of interest. 

21. The method of claim 20, further comprising: 
accepting by the at least one processor, a number of user 

inputs provided via at least one user interface commu 
nicably coupled to the at least one processor, each of the 
user inputs corresponding to one of the number of points 
of interest in the acquired image data. 

22. The method of claim 20, further comprising: 
autonomously determining by the at least one processor, 

each of the number of points of interest in the acquired 
image data. 
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23. The method of claim 17, further comprising: 
for each ordered coordinate data list, converting by the at 

least one processor, the coordinate data associated with 
the at least three element locations in the acquired image 
data to a second, locally-referenced coordinate system 
that relates the coordinate data associated a first of theat 
least three elements included the respective ordered 
coordinate data list to the coordinate data associated 
with each of the other of the at least three elements 
included in the respective ordered coordinate data list to 
provide a respective ordered, locally referenced, coordi 
nate data list. 

24. The method of claim 23 wherein comparing by the at 
least one processor the coordinate data associated each of the 
at least three element locations in the acquired image data 
with the reference data list stored in at least one non-transitory 
storage media communicably coupled to the at least one 
processor comprises: 

for each ordered, locally referenced, coordinate data list 
performing by the at least one processor at least one of a 
top-to-bottom search or a bottom-to-top search of a 
locally-referenced, reference data list in which the coor 
dinate data associated with each reference element is 
related to coordinate data associated with a number of 
neighboring reference elements in the reference pattern, 
to compare the locally-referenced coordinate data asso 
ciated with the first of the at least three elements in the 
ordered, locally-referenced, coordinate data list with 
coordinate data associated with each reference element 
location in the locally-referenced, reference data list. 

25. The method of claim 15, further comprising: 
determining by the at least one processor a center of inten 

sity of element locations in at least a portion of the 
element pattern present in the acquired image data. 

26. The method of claim 25 wherein generating by the at 
least one processor a number of coordinate data lists, each 
coordinate data list including coordinate data associated with 
at least three element locations in the acquired image data 
comprises: 

generating by the at least one processor a number of coor 
dinate data lists, each coordinate data list including coor 
dinate data corresponding to the determined center of 
intensity of the at least three element locations in the 
acquired image data. 

27. The method of claim 25 wherein determining by the at 
least one processor a center of intensity of element locations 
in at least a portion of the element pattern present in the 
acquired image data comprises: 

determining by the at least one processor the center of 
intensity of element locations in at least a portion of the 
element pattern present in the acquired image data using 
a number of grayscale values associated with each of the 
respective element locations. 

28. The method of claim 15, further comprising: 
determining by the at least one processor a respective dis 

tance between the image acquisition device and each of 
the elements in at least a portion of the pattern of ele 
ments incident upon the at least one object positioned in 
the three-dimensional space. 

29. The method of claim 28, further comprising: 
determining by the at least one processor a respective Vol 
ume dimension associated with the at least one object 
using the determined respective distances between the 
image acquisition device and each of the elements in at 
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least a portion of the pattern of elements incident upon 
the at least one object positioned in the three-dimen 
sional space. 


